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IntroductIon
The initial evaluation of patients is crucial for effective management and good outcomes. Clinicians routinely have to deal with difficult decisions when managing unstable patients. Finding a useful and consistent tool that will help triage patients regarding hemodynamic instability is fundamental, and equally important is a tool that provides critical information about outcomes. For these reasons the shock index (SI) was defined and implemented more than 50 years ago as an initial tool to assess hemodynamic instability.
1 It has been studied with different cutoff points, and more recently a modified SI (MSI) and age SI (ASI) have been proposed as better alternatives to the original tool for triaging as well as for predicting patient outcomes. For these reasons, we wanted to evaluate the performance of these very convenient and easy to calculate tools in our patient population at University Medical Center, Lubbock, Texas.
Methods
This is a retrospective study; it included all adult (≥18 years old) admitted to University Medical Center in Lubbock, Texas, between 10/01/2015 and 09/30/2016. Patients less than 18 years of age and >89 years of age were excluded. General demographic information was collected, including age, gender, the initial blood pressure and heart rate, diagnoses based on ICD-10 discharge coding, length of stay (LOS), and mortality. University Medical Center is a 494-bed tertiary referral center in West Texas.
The patients were organized according to main admission diagnoses, with their respective median and 25 th and 75 th percentiles calculated for admission heart rate, systolic blood pressure, and SI. The admission SI, MSI and ASI were calculated for each patient. To make these calculations, the following formulas were used: SI (defined as heart rate/systolic blood pressure), MSI (defined as heart rate/mean arterial pressure), and ASI (age × SI). The patients were later separated into two groups: those with an SI > 0.7 and those with an SI > 1, since these are the two most commonly used threshold points. 2, 3 For the two groups of patients divided by the thresholds (i.e., SI >0.7 and 1, respectively), mortality and LOS were calculated. The patients were also separated according to their MSI, using a threshold of 1.3 and according to their corresponding ASI using a threshold of 50; 4 for each of these groups their respective mortality and LOS were calculated.
A descriptive analysis was reported by using the median (25 th , 75 th percentiles). Comparisons among groups were made using the Chi-square test. Pair-wise comparisons were made only when the overall testing was significant. All analyses were performed using the SAS (Windows version 9.3; SAS Institute, Cary, NC) and the R software (R Core team; 2018). P values less than 0.05 were considered statistically significant.
results
A total of 18,478 patients were included in this study. After separating the patients according to the most commonly used SI thresholds (i.e., >0.7 vs >1), a total of 8,009 patients (43.43%) had an SI >0.7 and 1,495 patients (8.11%) had an SI >1. The most common diagnosis with an SI either >0.7 or >1 was sepsis, with 78.43% and 29.82% of patients in this category, respectively.
We compared the LOS and hospital mortality in the patients using a threshold of 0.7; the mortality with an SI < 0.7 was 2.7% and with an SI > 0.7 was 5.1%. We also separated the patients using an SI threshold
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of 1; the mortality in patients with an SI < 1 was 3.1% and with an SI > 1 was 11.3% (p < 0.001). The LOS did not vary when separating the patients with either SI threshold ( Table 2 ).
The patients were also classified according to their calculated MSI and ASI. The observed mortality of patients with an MSI ≤ 1.3 was 2.9%; the mortality of those with an MSI > 1.3 was 10.3% (p < 0.001).
Patients with an ASI ≤ 50 had a mortality of 2.5%; those with an ASI > 50 that had a mortality of 10.0% (p < 0.001). The median LOS for patients with ASI ≤ 50 was 3 days (25 th -75 th percentiles: 2-6 days), and for patients with an ASI > 50 the median was 5 days (25 th -75 th percentiles; 3-8 days, p < 0.001, Table 3 ).
dIscussIon
The SI has been widely used in different clinical settings for assessment of hemodynamic instability and prediction or estimation of outcomes. It was first introduced in 1967 and has proven to be more sensitive than either heart rate or systolic blood pressure to detect hemodynamic compromise.
1,2 The SI represents a very convenient noninvasive tool to aide in The normal SI was originally determined to be in the range of 0.5 to 0.7, 2,5 but different thresholds have also been used, e.g., 0.9, 1.0 or higher. 6 A higher SI cutoff loses sensitivity and gains specificity; for this reason, some have proposed that a cutoff point of 1.0 might represent a reasonable balance between specificity vs. sensitivity with the advantage of providing more impact in its ability to predict mortality. 3 The SI has been applied in different clinical settings. It was originally used as an early evaluation of the circulatory status in patients with trauma and suspected hypovolemic shock. 1 Since then, it has been applied in other areas; Zhang et al reported that an elevated SI (>0.7) was associated with increased in-hospital mortality and worse short and long term outcomes in patients with acute myocardial infarction. 7 Rassameehiran et al demonstrated that the SI might be a useful tool to identify patients with acute upper gastrointestinal bleeding (UGIB) who may have adverse short-term outcomes. It was comparable to other risk-scoring tools for UGIB and may have a potential use as a risk-stratification tool in UGIB. 2 Balhara et al determined that an elevated SI (>1.2) might predict hospital admission and inpatient mortality when used in the emergency room as a triage tool. 6 McCall et al studied the use of the SI in patients with patients with stroke and found that elevated SI values may predict stroke mortality, especially when determining early mortality (3-day). 8 Nathan et al investigated the impact of an elevated SI in postpartum hemorrhage and found that an elevated SI (>0.9) had good sensitivity for predicting ICU admission and a SI ≥ 1.7 identified patients requiring an urgent intervention (e.g., emergency caesarean section). 9 Finally, Tseng and Nugent did in an extensive literature review of SI in patients with sepsis and found that an elevated SI is useful in the evaluation of fluid resuscitation and in the identification of patients with lactic acidosis, organ failure and increased mortality. The p values for comparing both mortality and length of stay between the above and below cut-off groups are <0.001. The p values for comparing both mortality and length of stay between the above and below cut-off for both groups are <0.001.
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Several authors have compared the performance of SI versus MSI and ASI to identify the most convenient tool to estimate hemodynamic instability. Yu et al found that ASI may be able to better identify patients at high-risk of death in acute myocardial infarction when compared with SI and MSI. 10 Zarzaur et al found that SI and ASI performed equally when estimating 48-hour mortality in trauma patients secondary to blunt injury, but ASI was superior for patients older than 55 years of age.
11 Terceros-Almanza et al found that SI and MSI performed equally as predictors of massive hemorrhage. 12 Liu et al found that MSI performed better than either SI or heart rate and blood pressure alone in predicting mortality in emergency patients. 13 Torabi et al compared SI, MSI, and ASI for prediction of mortality in emergency patients and found that ASI performed better than SI and MSI.
14 Similar results were obtained by Kim et al when they compared the three scores in geriatric trauma patients in the emergency department. 4 In our study the three scores performed equally in predicting inpatient mortality, with the advantage of ASI being able to predict longer hospital LOS than the SI and MSI.
Our study has several limitations. It is a retrospective study; the results were based on hospital discharge coding and were not independently verified through chart review. Second, we were not able to analyze the causes of mortality in these patients. Third, we only calculated SI, MSI, and ASI at the patient's admission and did not follow it throughout the hospitalization.
conclusIons
The SI, modified SI, and age SI are convenient tools to help in the assessment of hemodynamic instability of patients; these tools are helpful in different clinical scenarios, including trauma, obstetrics, emergency medicine, gastroenterology, intensive care, sepsis, stroke, etc. Besides helping in the initial evaluation of patients, they may also provide important information in the estimation of outcomes, such as mortality and LOS. We recommend the use of SI threshold of 1 instead of 0.7; this seems to correlate better with the prediction of outcomes. Patients with sepsis have a higher calculated SI than patients with other diagnoses; serial measurement of the SI could provide additional information in the management of these patients. It might worthwhile to determine the best threshold value for patients with specific main diagnosis. 
